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0830-0835 Introductions {Travis Hylton)
0835-0840 Objectives, Intent, and Overview of Modeling Schedule {Curt Staniey)

0840-0915 Issues and Action ltems (Curt Stanley)
Outstanding data to be received
0915-1045 Interim Modeling (Sorab Panday)

Modeling issues and action items from previous meeting
Sensitivity analyses continued:
---------- Low hydraulic conductivity of the caprock;
---------- Influence of GHB stage along the northwest boundary of the model;
---------- Saprolite with same properties as basalt;
---------- Integrating Red Hill and Halawa Shafts {revised) elevations
---------- Low hydraulic conductivity rind on caprock
1045-1100 Synoptic Monitoring Update (Delwyn Oki and Jeff Johnson)
1100-1115 Break to Summarize New Issues and Action ltems
1115-1130 Summary and Next Steps {Jeff Johnson, Curt Stanley, and Travis Hylton)
Overview of technical feedback, decisions, and action items

Proposed next working group meeting: June 7, 2018 {changed from June 5, 2018)
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Section 6, Investigation & Remediation of Releases, and Section 7,
Groundwater Protection and Evaluation
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#  Technical feedback from Subject Matter Experts (SMEs) for
consideration by the Navy on key elements of model development

= Provide assistance in ensuring that all appropriate data are considered
in development of the model

*  Provide assistance in collecting relevant data

*The GWFM ! Vorking Group focus is on the deep technical issues related to

technically defensible model development
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Evaluate flow field and capture zones of w rells w well as
contaminant F&
Scenarios of different combinations of possible future pumping and varying source
considerations
Long-term analysis
Impact of seasonal changes
Impact of uncertainty in parameters or stresses
Help evaluate containment/remediation/monitoring

% a ﬁ ﬁ E ﬁ ‘

dict future but to evaluate impact of potential scenarios
Modeling {achieves our goal) ~ Constructing a ﬁ"%ﬁiﬁé% to answer a specific obiective

Simulation (this is not our goal] -~ Constructing a model to mimic as many aspects of 2
portion of the natural world as possible

Henk Haitjema, 1999 AGU Meeting
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Modeling issues and action items

Compile table showing elevations of the top and bottom of model layers where well
screen intervals are located

Correct/check:

»  Spring/Summer 2015 synoptic monitoring

»  Units and values for annual average pumping data (e.g., Lau Farm)
Evaluate

Ways to concisely summarize all sensitivity analyses results

» Effective porosities {estimated from specific yield) from synoptic data for final
model
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Viodeling issues and action items

Take slope of regression lines from 2006 and 2017 synoptic study figures (Slide #10

from March 16, 2018 GWFMWG meeting) and plot them on the 2015 study figure

Provide details of synoptic pumping/drawdown data used for Halawa Shaft and Red
Hill Shaft scatter plots

Provide meeting attendees with recalibration values for sensitivity run wh@re saprolite
had the same properties as basalt (Slide #108 from March 16, 2018 GWFMWG
meeting)

Sensitivity analyses:
»  Low hydraulic conductivity of the caprock
#  Influence of GHB stage along the northwest boundary of the model
#  Saprolite with same properties as basalt
#  Integrating Red Hill and Halawa Shafts as-built elevations
»  Low hydraulic conductivity rind in caprock
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Screen Elevation

{ft msi) Related Model Layer Elevations {ft msl)

Related Model Bottom Layer 1 = {Bottom Layer 2| Bottom Layer 3 | Bottom Layer 4| Bottom
Well Name Well 1D Top Bottom Layer{s) Top Layer 1 Top Layer 2 =Toplayer3 | =Toplayerd | =ToplayerS Layer s
Kalihi Shaft 2052-08 30 6 2 MN/A 116.98 -15.25 N/A N/A N/A
Kalihi 2053-08 -500 -663 1 0 -772.57 N/A N/A N/A N/A
Fort Shafter 2053-11 -154 -309 2,3, 4 100 -157.39 -187.39 -247.33 -367.33 N/A
Hickam AF Base 2057-04 20 -20 1 0 -87.98 N/A N/A N/A N/A
Moanalua 2153-02 -59 -269 2,3,4 59.96 -72.56 -102.56 -162.56 -282.56 N/A
Moanalua Deep 2153-05 -30 -1218 3 ijc;znd MN/A N/A -21.33 -81.33 -201.33 -780.14
TAMC 1 2153-07 -22 -272 2,345 N/A 41.56 -22.93 -§2.93 -202.93 -799.57
Moanalua 1 2153-10 -114 -264 4,5 N/A N/A N/A -%4.75 -204.75 -772.35
Moanalua 2 2153-11 -115 -265 4,5 N/A N/A N/A -84.75 -204.75 -772.35
Moanalua 3 2153-12 -150 -300 4,5 N/A N/A N/A -84.61 -204.61 -772.67
Honolulu
international 2154-01 -89 -280 2,3,4 100 -184.48 -214.48 -274.48 -394.48 N/A
Country Club
Kalihi Aerator 2250-01 514 464 1 600 249.07 N/A N/A N/A N/A
Red Hill Shaft 2254-01 24 -10 2 N/A w (ééii?) £ W {-13} E (-13) N/A N/A N/A
Navy Halawa 2255-32 95 -4 2 N/A 100 -13 N/A N/A N/A
Halawa 2 2255-37 -29 -89 3,4 MN/A N/A -13 -73 -193 N/A
Halawa 3 2255-38 -44 -89 3,4 N/A N/A -13 -73 -193 N/A
Halawa 1 2255-39 -18 -141 3,4 N/A N/A -13 -73 -183 N/A
Halawa Shaft 2354-01 10 -18 3 N/A N/A NA{-13}) S {-17.8}IN {-73) S {-77.8)} N/A N/A
‘Ajea Guich 1 2355-03 16 -38 2,3 MN/A 306.15 -13 -73 N/A N/A
‘Alea Gulch 2 2355-05 13 -40 .3 N/A 306.15 -13 -73 N/A N/A
‘Alea 1 2355-06 -32 -102 3,4 N/A N/A -13 -73 MN/A N/A
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Screen Elevation

{ft msl} Related Model Layer Elevations {ft msi)
Bottom Layer

Related Model Bottom Layer 1 | Bottom Layer 2 [Bottom Layer 3 =14 = Top Layer] Bottom
Well Name Well ID Top Bottom Layer{s} Top Laver 1 =Top Layer2 | =Top Layer 3 Top Layer 4 5 Layer 5
‘Alea 2 2355-07 -30 -100 3,4 N/A N/A -13 -73 N/A N/A
Kalauao P1 2355-09 -61 -253 3,4,4 N/A N/A -15.12 -75.12 -195.12 -540.57
Kalauao P4 2355-10 -63 -254 3,4,5 N/A N/A -13.44 -73.44 -193.44 -641.06
Kalauao P2 2355-11 -60 -254 3,4,5 N/A N/A -13.2 -73.2 -183.2 -642.09
Kalauao P3 2355-12 -51 -253 3,4,5 N/A N/A 13.06 -73.06 -193.06 -643.79
Kalauao P5 2355-13 -68 -254 3,4,5 N/A N/A -13.56 -73.56 -193.56 -647.9
Kalauao P6 2355-14 -70 -253 3,4,5 N/A N/A -13.01 -73.01 -193.01 -642.34
WG Minami 2007 2355-16 20 -20 2,3 N/A 120.15 -14.45 -74.45 N/A N/A
Waimalu I-1 2356-49 -27 -225 3,4,5 N/A N/A -18.95 -78.95 -198.95 -640)
Wairnalu I-2 2356-50 -25 -225 3,4,5 N/A N/A -18.95 -78.95 -198.95 -640
Pearl Country Club | 2356-54 -21 -178 3,4 N/A N/A -13 -73 -193
Kaonohi -2 2356-55 -37 -290 3,4,5 N/A N/A -13 -73 -193 -640
Kaonohi -1 2356-56 -44 -297 3,4,5 N/A N/A -13 -73 -193 -640)
Ka'amilo 1 2356-58 -43 -193 3,4 N/A N/A -13 -73 -183 MN/A
Ka'amilo 2 2356-59 -42 -192 3,4 N/A N/A -13 -73 -193 N/A
Waimalu lI-1 2356-60 -77 -217 3,4 N/A N/A -45.8 -105.8 -225.8 N/A
Kaonohi ll-1 2356-61 -78 -218 4,5 N/A N/A N/A -73.8 -193.8 -636.25
Kaonohi -2 2356-62 -83 -223 4,5 N/A N/A N/A -76.02 -196.02 -624.18
Waimalu -2 2356-63 -74 -214 3,4,5 N/A N/A -27.38 -87.38 -207.38 -594.65
Waimalu 1i-3 2356-64 -143 -220 3,4 N/A N/A -127.15 -187.15 -307.15 N/A
Kaonohi I-3 2356-65 -83 -223 4,5 N/A N/A N/A -76.58 -196.58 -620.41
Lau Farm 2356-70 -152 -202 4 N/A N/A N/A -88.68 -208.68 N/A
Waimalu 2455-02 -12 -78 1,2,3 200 -89.86 -119.86 -179.86 N/A N/A
Waimalu 2455-03 -30 -120 1,2,3 200 -89.86 -119.86 -179.86 N/A N/A
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Well Name
Pearl CC
Kaonohi I-2
Kaonohi -1
Ka'amilo 1
Ka'amilo 2
Waimalu -1
Kaonohi -1
Kaonohi li-2
Waimalu 11-2
Waimalu I-3
Kaonohi lI-3
lau Farm
Waimalu
Waimalu
Halawa Shaft
Red Hill Shaft

well_id
2356-54
2356-55
2356-56
2356-58
2356-59
2356-60
2356-61
235662
2356-63
2356-64
2356-65
2356-70
2455-02
2455-03
2354-01
2254-01

2006 Pumping 2015 Pumping 2017 Pumping

rate, MGD

0.28
1.07
0
1.82
0

QO QO QO

0
0.050
0.0023
0.00052
12.16
2.87

rate, MGD

0.42
0.84
0

0
0
0
0
0
0
0
0

0.050
0
0.00032
5.61
4.15

rate, MGD

0.23
0.78
0

O QO QO O OO

0
0.050
0.0023
0.00032
8.06
3.76

Screen top Screen bottom related model

elevation, ft
mal
-21

elevation, ft
msk
-178
-290
-297
-193
-192
-217
-218
-223
-214
-220
-223
-202
-78
-120
-18
-10
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]

22

28

Extracted data only when pumping and water levels are reported

Only 2 synoptic data points in 2006 which were 2 weeks apart
Water level measurements at time of 0:00
Don’t know if data were collected when well was pumping or not
Water levels depend on how long the pumps have been steady
Evaluate correlation Qv WLE, 2017
21
0 vs WLE 2015 o be y = -0.369% + 20.268
20, T B2 = .9309
1 f 19 o b
§ PP #
Qv WLE 2006 = e
é 5 17 @
y o= L3508 + 20,06 2 j =014 s 16 . i . . . -
= ; R = (LB87S 1 MG
?‘}i ‘ﬁ & 5 10 1 28
0 MG
0 {MGD)
o 5 10 1 0 25 o
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e As available for 2006 (2 data points), 2015 (16 data points), and 2017 (9 data points)

e ~35 feet drawdown for 10 MGD of pumping

Current data

e At hourly intervals from 05-10-2006 through 06-09-2006; monthly from Jan 2013

through March 2017

» 768 data points; 2.96 feet drawdown for 10 MGD of pumping
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Previously presented data
At hourly intervals from 05-01-2015 through 05-31-2015

743 data points; R? = 0.98; 4.38 feet drawdown for 10 MGD of pumping
Current data
At 10-minute intervals from 04-15-2015 through 07-21-2015
13,945 data points; 4.22 feet drawdown for 10 MGD of pumping
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Caprock Kh Kh (ft/d)
Base 1,208
Lowest Kh 1
Low Kh 100
High Kh 2,400
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Original: Caprock Kh = 1208 (ft/d}

Sensitivity Analysis: Caprock Kh = 100 (ft/d)

Sensitivity Analysis: Caprock Kh = 100 ft/d +
Caprock Bv =0.18 [orig = 0.08)

Sensitivity Analysis: Caprock Kh = 1 {ft/d), +
Caprock Kv=1 {orig=0.08)

Sensitivity Analysis: Caprock Kh = 1 {ft/d)}, +
Caprock Kv=1 {orig=0.08), +GHB=x100

Key observations

* Model severely out of calibration with Kh of caprock = 1 ft/d

ME (ft)
025

by

-1.23

-2.12

-1.75

RMS (ft)
1.23

2.9

1.74

247

212

Pearl| Harbor Spring at Kalauao
Flux (MGD)

2006

0.9

15.7

11

8.0

0.5

2015

9.4

13.8

9.3

6.1

0.0

2017

113

15.8

11.2

7.9

0.4

Kalauao Spring Flux
{MGD])

2006

0.12

0.17

0.12

0.1

0.03
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2015

0.10

0.15

0.11

.09

2017

012

0.17

013

0.1

0.03
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»

Additional sensitivity to
GHB stage.

NW boundary WLE does
not reduce to O (as per
original GHB stage 1
sensitivity) in basalt
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GHB Stage 1 GHB Stage 1B

Arrows are 1-year time interval markers
) Pathline colors,
Key Observations

* Capture zones are not sensitive to GHB stage along NW within
basalt at Pearl Harbor

Red Hill Shaft captures water originating from the water table
beneath tanks at Red Hill Storage Facility footprint

Layer 2,
Laver 3,
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GHB Stage 1 GHB Stage 1B

Key Observation Arrows are 1-year time interval markers

*  Capture zones are not sensitive to GHB stage along NW within basalt at Pearl athline colors,
Harb ayer

* Halawa Shaft does not capture water originating from the water table Layer 3:

underneath Red Hill Storage Facility tanks
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GHB Stage: 1 GHB Stage: 1B without drain
conductance adjustment

GHB Stage: 1B with drain
conductance =10,000 ft¢/d
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Original: Layer 2 Saprolite Kh = 0.1 ft/d; Kv
=0.01 ft/d: HANI=1.0: n=0.15
Layer 3 Saprolite Kh = 10 ft/d; kv = 1 ft/d:
HANI=1.0:n=0.15
Sensitivity Analysis: Layer 2 Saprolite Kh =
2000 ft/d: Kv = 20 ft/d: HANI=0.33: n =
0.04 {same as Basalt}

Layer 3 Saprolite Kh = 2000 ft/d; Kv = 20
ft/d: HANI = 0.33: n = 0.04 (same as Basalt)
Sensitivity Analysis: Layer 2 Saprolite Kh = 2000
ft/d; Kv = 20 ft/d; HANI = 0.33; n = 0.04 {same as
Basalt), Layer 3 Saprolite Kh = 2000 ft/d; Kv = 20

ft/d; HANI = 0.33; n = 0.04 (same as Basalt), +
caprock Kv=0.05 ft/d

ME (ft)

-0.25

1.61

0.66

RMS (ft)

1.23

2.15

1.56

Pearl Harbor Spring at
Kalauao Flux (MGD])

2006

10.9

7.6

16.2

2015

9.4

6.3

8.8

2017

11.3

8.1

10.7

Kalauao Spring Flux
{(MGD)

2006 2015 2017

012 010 012

0.09 0.07 0.08

0.21 0.19 0.22
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Base Case, 2017 Saprolite same a

basalt, 2017

Key Observations:
* No mounding within saprolite as in base case
e Water levels in basalt are lower than for base case by about 2 feet
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Base Case, 2017 Saprolite same as
basalt, 2017

g s %{WM/////////

Key Observations:
*  Water levels are lower than for base case by about 2 feet
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Original: Layer 2 Saprolite Kh = 0.1 ft/d; Kv
=(0.01 ft/d: HANI = 1.0: n = 0.15
Layer 3 Saprolite Kh = 10 ft/d; kv = 1 ft/d:
HANI=1.0;n=0.15
Sensitivity Analysis: Layer 2 Saprolite Kh =
2000 ft/d; Kv = 20 ft/d: HANI=0.33; n=
0.04 (same as Basalt)

Layer 3 Saprolite Kh = 2000 ft/d; Kv = 20
ft/d; HANI = 0.33; n = 0.04 (same as Basalt)

Key observations

ME (ft)

-0.25

1.61

RMS (ft)

1.23

2.15

Pearl Harbor Spring at
Kalauao Flux (MGD])

2006 2015 2017
10.9 9.4 11.3
7.6 6.3 8.1

Kalauao Spring Flux

{(MGD)
2006 2015 2017
012 010 0.12
008 007 009

* (Calibration statistics and drain fluxes slightly sensitive to saprolite properties

being same as basalt
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Key Observa tions
* Predictions are highly sensitive to saprolite properties being same as basalt
» Red Hill Shaft captures water traveling beneath Red Hill Storage Facility
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TR R
Base Case Saprolite same as basalt

Assumptions

* Red Hill Shaft is not pumping for over 3 years Arrows are 1-year time interval markers

* Halawa Shaft is continuously pumping at 16 MGD for 3 vears

» Saprolite material properties same as basalt

» These assumptions exceed criteria for reasonable worst-case analyses

Key Observations

»  Predictions are highly sensitive to saprolite properties being same as basalt

»  Water from beneath the Red Hill Storage Facility moves in the SW direction then turns
towards Halawa Shaft before entering caprock and traveling towards Pearl Harbor

* Halawa Shaft does not capture water from the water table beneath Red Hill Storage
Facility

* Insensitive to calibration but sensitive to conclusion = Type IV

ED_006532_00001954-00033



/

& o

i

.
%
l\\\

000000000000000000000000



ED_006532_00001954-00035



Base Changed

-2 ft msl
(as-built shows -2 to +2.6 ft msl)

+3 ft msl
(as-built shows +3 to +10 ft msl)

Halawa Shaft Elevation, -18 ft/d

Red Hill Shaft Elevation, -10 ft msl|
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Key observations
» (alibration statistics are insensitive to shaft elevations
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Base Case Halawa Shaft at -2 ft msl
Red Hill Shaft at +3 ft msl

Key @bsewatéaﬁs Arrows are 1-year time interval markers
L . . . Pathline colors, La: . Layer 2, Layer 3,
* Predictions are insensitive to shaft elevations ver 4 Laver S

o 5
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Halawa Shaft at -2 ft msl!
Red Hill Shaft at +3 ft msl

Arrows are 1-year time interval markers
E(ey Observa tions Pathline colors, Laver 1, Layer 2, Layer 3, Lavsr &
* Predictions are insensitive to shaft elevations
* Sensitivity Type = |
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